Introduction
The mode of treatment of patients with squamous cell carcinoma of the head and neck depends on the site and stage of the disease and on the overall health status of the patient. In most cases of stage I or II cancers, the single modality therapy of surgery or radiotherapy is the initial treatment of choice. Before 1980, the initial treatment of patients with locally advanced stage III or IV (M0) also would have been surgery and/or radiation therapy, a choice that also depended on the site of the disease, the resectability of the cancers, and the performance status and comorbidities of the patient. However, because of the poor results obtained with "traditional" therapy in this latter group, especially those with stage IV disease or unresectable cancers, systemic chemotherapy was introduced in the mid 1970s as part of combined modality treatment. 1, 2 Later, chemotherapy was used in patients with earlier disease stages and with resectable disease for organ preservation and better cure rates. Systemic chemotherapy was usually administered with palliative intent to patients with advanced stage IV disease, M1 cancers, or recurrent disease beyond salvage local treatment.
The treatment of patients with locally advanced head and neck cancers has evolved since the introduction of combined modality treatment for these patients. Initially, a single chemotherapeutic agent such as methotrexate or cisplatin was prescribed before local definitive treatment. After that, the combination of cisplatin and bleomycin was introduced, administered as a single course before local therapy.
1,2 Later, two or three courses of cisplatin plus bleomycin were given as part of combined modality treatment. Methotrexate alone and/or vinca alkaloids (vincristine or vinblastine) were then added to the combination of cisplatin plus bleomycin. 1, 2 In 1980, the combination of cisplatin and continuous infusion (96-120 hours) of 5-fluorouracil (5FU) was introduced, 1,2 which has become a widely used combination chemotherapy in patients with squamous cell carcinoma of the head and neck. Also, at approximately the same time, the concept of concurrent chemotherapy with radiation therapy was revisited, with the introduction of cisplatin given concurrently with radiation therapy as the primary treatment for patients with inoperable and/or unresectable head and neck cancers. 2 During the last quarter of a century, clinical trials for patients with squamous cell carcinoma of the head and neck have demonstrated progress in treatment outcomes, including better local control, lower incidence of systemic recurrences, improved disease-free survival and, most importantly, improved overall survival. The quality of life has improved for many of these patients, especially when the larynx and voice function is preserved in cancers of the larynx or hypopharynx. The improvement in overall survival was demonstrated by prospective randomized phase III studies and metaanalyses and, more significantly, by population-wide statistics. The Surveillance, Epidemiology, and End Results (SEER) program at the National Cancer Institute evaluates change in cancer mortality rates in the United States. It is not generally recognized that the greatest decline in mortality rates in the period 1990 to 1997 has occurred in patients with head and neck cancers. This decline was noted for patients both above and below 65 years of age, for both men and women, and for both blacks and whites (Table 1) . 3 With the introduction of new active chemotherapeutic agents and combinations, new agents given with radiation therapy, targeted treatments, and better sequencing of treatment options, it is expected that further improvements in treatment outcomes will follow.
Chemotherapy
The two major indications for administering chemotherapy are as a single modality or as concurrent chemotherapy-radiation therapy.
Chemotherapy Alone
Chemotherapy as a single modality is used for patients with recurrent and/or metastatic tumor, but it is also used for patients with locally advanced cancers. The cisplatin-5FU combination is more effective than the single agents previously used -methotrexate, bleomycin, and cisplatin. Cisplatin-5FU is now the most commonly used chemotherapy combination, 1,2,4 with the most frequently used treatment regimen consisting of cisplatin 100 mg/m 2 given intravenously (IV) on day 1 and 5FU 1,000 mg/m 2 given by continuous infusion for 5 days every 3 to 4 weeks. For the last 20 years, efforts have been underway not only to improve on the results obtained with cisplatin-5FU by adding other agents, but also to search for more effective combinations to replace it.
Sites
Mortality Rate (% Change) Improvements in cancer therapy would include better antitumor efficacy, fewer side effects, and lower cost and hospitalization rates, thereby being more amenable to patients. Initially, many single agents, eg, bleomycin, methotrexate, and the vinca alkaloids, were added to the cisplatin-5FU regimen. This policy reduced the optimal doses of cisplatin or 5FU or both and increased side effects without increasing efficacy. 2 The addition of leucovorin or interferon or both to the cisplatin-5FU regimen provided similar results. Of the newer active single agents, the taxanes (docetaxel and paclitaxel) have shown the most promise.
The role of taxanes in head and neck cancers have been reviewed by Schrijvers and Vermorken 5 and by Glisson. 6 As single agents, both demonstrate overall response rates that range from 20% to 42% in patients with recurrent and/or metastatic disease. It is noted that most of these patients treated with taxanes in these reports had no previous chemotherapy for recurrent cancers, and some patients with locally advanced head and neck cancers were included in these studies. This may explain the relatively high response rates reported by these investigators. Our experience indicates that the response rate to the taxanes alone after failure of a cisplatin combination is poor. This suggests that the taxanes should be used initially with cisplatin-5FU or as part of newer combination(s) of chemotherapy. Randomized trials comparing cisplatin-5FU to either cisplatin plus paclitaxel 7 or cisplatin plus docetaxel 8 reported no differences in response rates or complete responses (CRs) but some difference in side effects and the cost of each combination.
Efforts are underway to investigate the addition of one of the taxanes to the cisplatin-5FU regimen or to find newer combinations of two or three active agents in patients with recurrent and/or metastatic disease, as well as in patients with previously untreated locally advanced squamous cell carcinoma of the head and neck. 4 One such approach was reported by Posner et al 9 using docetaxel combined with cisplatin-5FU. Synergy has been reported between cisplatin and 5FU, between docetaxel and cisplatin, and between docetaxel and 5FU. In their initial trials, leucovorin was added to docetaxel-cisplatin-5FU, which added to the incidence and severity of oral and oropharyngeal mucositis without appearing to add to the efficacy of this combination. The results from docetaxel-cisplatin-5FU alone suggest a high incidence of response but with appreciable toxicity. 9 Presently, two prospective, randomized phase III trials in patients with recurrent and/or metastatic disease or in patients with previously untreated locally advanced head and neck cancers are comparing three courses of cisplatin-5FU vs docetaxel-cisplatin-5FU in North America. Similar international trials are currently in progress.
Thus, docetaxel-cisplatin-5FU is a promising combination, but the phase III studies are not mature. Our experience indicates that docetaxel-cisplatin-5FU is more toxic than cisplatin-5FU, especially in regard to mucositis, diarrhea, and neutropenia. As a result, we have modified this promising combination in two ways. To reduce cisplatin-related side effects, including renal insufficiency, hearing loss, nausea and vomiting, peripheral neuropathy, and the diuresis associated with use of mannitol, we have substituted carboplatin for cisplatin. Because of the incidence and degree of mucositis, diarrhea, and right-sided abdominal pain, the continuous infusion of 5FU for 96 hours was changed to a schedule of 2,600 mg/m 2 as a 24-hour infusion given weekly with docetaxel (75 mg/m 2 ) and carboplatin (300 mg/m 2 or an area under the curve [AUC] of 5, depending on creatinine clearance) given every 3 weeks for three courses. Our early experience suggests that this program may be the most effective and "patient friendly" combination we have used in patients with head and neck cancers (unpublished data, 2002) .
Concurrent Chemoradiotherapy
In the past, radiotherapy alone was the "traditional" single treatment for patients with unresectable and/or inoperable locally advanced head and neck cancers. Because of the poor results obtained with this approach in these patients, concurrent chemotherapyradiation therapy has been investigated since the 1960s. 1, 2, 4, 10, 11 The rationale for such treatment is to increase local control by overcoming radioresistance and to eradicate systemic micrometastasis. The most significant potential mechanisms of interaction between chemotherapy and radiation therapy are summarized in Table 2 .
Initially, agents like methotrexate, hydroxyurea, 5FU, or bleomycin were tested in combination with radiation therapy. Since each of these drugs produces mucositis and stomatitis, the local side effects of radiation therapy on the oral and oropharynx mucosa were increased, which resulted in poor patient compliance, more interruptions of therapy, and no improvement in overall survival when compared to radiation therapy alone. Cisplatin does not induce mucositis and does not increase the local toxicity of radiation therapy in patients with head and neck cancers. It is probably the best currently available radiosensitizer, and it possesses all the mechanisms of interaction with radiation therapy that are summarized in Table 2 . The clinical CR rate obtained with concurrent cisplatin and radiation therapy (single daily fraction) in patients with locally advanced head and neck cancers is in the range of 65% to 70%. 2, 4, 10, 11 The majority of the patients in these studies had stage IV disease. Cisplatin has been administered in various schedules: weekly, daily, days 1-5 every 4 weeks, and every 3 weeks. One randomized ECOG-RTOG trial with weekly administration of cisplatin at 20 mg/m 2 during radiation therapy vs radiation therapy in locally advanced patients was negative. One positive randomized trial with the weekly schedule has been reported from Europe. 12 The addition of another agent or agents in combination with cisplatin (eg, 5FU or taxanes) concomitant with radiation therapy did not add to the clinical CR rate but increased local side effects, especially mucositis. [4] [5] [6] 10 Thus, cisplatin alone appears to be the chemotherapeutic drug of choice for concurrent chemotherapy with radiation therapy in patients with head and neck cancers. At the present time, cisplatin alone given on a 3-week schedule is the most widely used in the United States.
Carboplatin, the second-generation platinum drug, possesses all of the radiopotentiation properties of cisplatin but has a different side effect profile. Carboplatin is used in a weekly schedule concurrent with radiation therapy in patients with head and neck cancers. The clinical CR rate reported in phase II studies with concomitant carboplatin and radiation therapy (single daily fraction) is in the range of 65% and 70%, which is similar to the clinical CR rate reported with cisplatin and radiation therapy. 2, 4 For the last 7 years, our personal practice has been to use carboplatin rather than cisplatin in our concurrent chemotherapyradiation treatment, using a weekly dose of 100 mg/m 2 or at an AUC of 1.5. In a comparison of radiation therapy alone or with either cisplatin or carboplatin in these patients, two randomized trials reported the superiority of either combination arm to the radiation therapy alone arm, with no statistical difference between the two combination arms. 13, 14 Mitomycin C also possesses most of the radiopotentiation mechanisms of interaction with radiation therapy (Table 2) . Randomized trials comparing radiation therapy with or without mitomycin C showed improved local control but no differences in overall survival between the two groups. 4 More recently, gemcitabine and the taxanes have been tested for their radiosensitizing effects. The clinical CR rate for the combination of taxanes alone or with other agents given concurrently with radiation therapy is approximately 65%. [4] [5] [6] However, the local side effects, especially mucositis, are problematic.
Gemcitabine plus radiation therapy in phase I-II studies produced a high CR rate in the primary tumor site but had a high incidence of grade 3-4 local toxicities, especially pharyngeal scarring and stenosis. 4 The combination of 5FU and hydroxyurea concomitant with radiation therapy is effective, but again, the local side effects are severe. 4 The addition of cisplatin or paclitaxel increased the effectiveness of the combination of 5FU and hydroxyurea, but the clinical CR rate was similar to that reported with radiation therapy plus cisplatin or carboplatin.
Locally Advanced Resectable Cancer
The "standard" treatment for patients with locally advanced tumor stages (stage III and IV) has been surgery followed by radiation therapy. The radiation was given as an adjuvant to reduce the incidence of local failure, but this approach has not been investigated in prospective, randomized studies to show improvement in overall survival. Despite adequate surgical resection with negative margins and the addition of adjuvant radiation therapy, the 5-year survival rate for these patients is usually less than 30%. Induction chemotherapy has not gained scientific support, since any reduction of the tumor bulk would not change tumor resection margins. Induction chemotherapy has been investigated in patients with resectable cancers where planned surgery was performed on all patients, and the results were negative. This resulted in a sense that induction chemotherapy is ineffective in patients with locally advanced disease regardless of their resectability or operability. However, this observation may not be correct.
Postoperative concurrent chemotherapy-radiation therapy with cisplatin given every 3 weeks for three courses was investigated by the RTOG in a phase II study. 2 Patients with positive surgical margins and/or stage IV disease were treated with cisplatin 100 mg/m 2 on days 1, 22, and 43 during radiation therapy. These patients were compared to an historically matched group with the same stage and site of cancers but with negative surgical margins. The local control rate was better in the patients treated with the combined chemotherapy-radiation therapy. Two randomized trials have also addressed this question.
2,4,15 Both were posi-tive, thus supporting the addition of chemotherapy concomitantly with radiation therapy in locally advanced cancers. The most recent EORTC trial compared patients treated with postoperative radiation therapy alone vs postoperative chemotherapy-radiation therapy and reported a 3-year disease-free survival of 41% vs 59% (P=.0096) and overall survival of 49% vs 65% (P=.0057), respectively.
Postoperative chemotherapy followed by radiation therapy alone was investigated by the Detroit group 2 and found to be feasible. Three courses of cisplatin-5FU were administered without additional side effects or progression of the disease, and then radiation therapy was given. The sequence was tested by RTOG, and the feasibility of our local study was confirmed. Large prospective, randomized phase III trials were activated by RTOG and joined by other cooperative groups to compare surgery plus radiation therapy to surgery plus chemotherapy-radiation therapy. Local control and the incidence of systemic recurrences improved. However, the overall survival was not affected by the addition of chemotherapy, despite approximately a 2-year improvement in median survival and about a 9% difference in the actual 5-year survival rate in favor of the chemotherapy group. 5 The lack of statistical significance of benefit reflect the relatively small number of patients included in these trials.
At least six meta-analyses have examined the addition of induction chemotherapy to local definitive therapy in patients with locally advanced cancer. The results differ depending on the type and the year of the studies included in these analyses. Study reports before the use of cisplatin-5FU in this population showed no benefit for induction chemotherapy. The meta-analyses that included studies after 1980s, especially those using cisplatin-5FU chemotherapy, showed superiority of chemotherapy followed by radiation therapy vs radiation therapy alone. 16 All of the meta-analyses reported the superiority of concurrent chemotherapy-radiation therapy over radiation therapy alone; however, Pignon et al 16 updated three meta-analyses from 63 randomized trials performed between 1965 and 1993 involving 10,741 patients. This meta-analysis confirmed the superiority of the overall use of chemotherapy, especially the concomitant use of chemotherapy-radiation therapy over radiation therapy only. The authors also reported the superiority of cisplatin-5FU administration as either induction or adjuvant therapy in these patients.
Recently, Browman et al 17 reported a metaanalysis including 18 trials with 3,192 patients, in which concurrent chemotherapy-radiation therapy was compared to radiation therapy alone (Table 3) . Overall, the chemotherapy-radiation therapy arm was again superior to radiation therapy alone (P<.00001). Single fraction, two fractions a day irradiation, single agents, combination chemotherapy, and especially cisplatin-5FU provided statistically significant results. Only platinum-based chemotherapy plus radiation therapy was highly significant (P<.0001), while mitomycin C-based treatment was moderately significant (P=.032). Thus, we believe that single-agent cisplatin or carboplatin with radiation therapy should be the current standard treatment approach in patients with locally advanced cancers.
For the last 10 years, our approach to treatment for patients with stage IV disease or for those with stage III disease (only T3 N1 M0) after their planned surgery who are not on study has been to prescribe chemotherapy using three courses of cisplatin-5FU followed by concurrent chemotherapy-radiation therapy. This treatment is tolerable and feasible, and it gives patients time to recover from their surgical resection before beginning the concomitant chemotherapy-radiation therapy treatment. The effectiveness of this specific approach needs to be confirmed by prospective, randomized trials. In the past, the treatment of choice for patients with unresectable or inoperable head and neck cancers was radiation therapy alone. Despite the initial response and high local control rates with radiation therapy, more than 80% of these patients recurred within 2 years, and the 5-year survival was poor. Thus, induction chemotherapy and later concurrent chemotherapy-radiation therapy were investigated.
One prospective, randomized study comparing induction chemotherapy with cisplatin-5FU followed by radiation therapy vs radiation therapy alone was positive, with significant improvement in local, regional, and distant control rates as well as in disease-free and overall survival in the combination arm. 4 Concomitant chemotherapy-radiation therapy appears to be effective in phase II trials. At least seven prospective phase III trials comparing concurrent chemotherapy-radiation therapy vs radiation therapy have been reported (Table 4) . [18] [19] [20] [21] [22] [23] [24] All were positive in favor of the combined-therapy arm. The majority of these randomized trials used hyperfractionated radiation therapy as the standard arm and in combination with chemotherapy, despite previous reports of no improvement in overall survival when daily irradiation was compared with twice-a-day radiation therapy. 4 Also, the majority of these randomized studies used the combination of cisplatin-5FU with radiation therapy as the experimental arm, despite the previously reported phase II trials indicating a CR rate of approximately 65% to 70% using cisplatin-5FU concurrently with radiation therapy. This result was no different than administering cisplatin or carboplatin alone concurrently with radiation therapy. In the Intergroup study (SWOG and ECOG) 23 for locally advanced and unresectable head and neck cancers, patients were randomized into three arms: (1) single-agent cisplatin every 3 weeks during radiation therapy, (2) cisplatin-5FU with radiation therapy, or (3) radiation therapy alone. Standard daily fraction radiation therapy was given to all patient groups. The 3-year survival rates were 37%, 29%, and 20%, respectively. The difference was only statistically significant (P=.016) between cisplatin plus radiation therapy and radiation therapy alone.
Thus, concurrent chemotherapy-radiation therapy is the "new" standard therapy for patients with locally advanced disease who are not undergoing a planned surgical resection. The main question remains as to whether two fractions per day of radiation therapy or once-daily radiation with chemotherapy is the preferred schedule. Another question is whether a single agent or a combination of agents should be given concomitantly with radiation therapy. Radiation alone is inadequate therapy. As previously mentioned, our practice for patients with locally advanced and resectable tumors is to provide induction chemotherapy first, followed by concomitant chemotherapy-radiation therapy. Other centers have reported the same practice. 10 Limited concurrent chemotherapy with radiation therapy is superior to induction chemotherapy followed by radiation therapy. By giving induction chemotherapy first, the cancer is downstaged in approximately 90% of patients, and up to 50% may achieve a clinical CR. Also, nutrition and nitrogen balance can be improved in these patients so they can better tolerate the chemotherapy-radiation therapy program, and they will have dental care without delay of therapy. After downstaging the disease, the concurrent chemotherapy-radiation therapy theoretically should be more effective in eradicating the remaining locoregional cancer. Also, giving effective chemotherapy first will reduce the incidence of systemic micrometastasis. These considerations contribute to improved disease-free survival and overall survival of patients treated with this "total chemotherapy-radiation therapy." To achieve the maximal desired results from chemotherapy in patients who have locally advanced disease, a third course of chemotherapy is recommended if a response occurs after two courses of treatment. At the end of the third course, disease is re-staged, and the degree of response is documented. This may include re-biopsy of the primary disease. Response to induction chemotherapy is an important prognostic factor and may determine the sequence and timing of the next planned local definitive therapy. Patients with excellent response, high partial response, and especially clinical CR or histological CR (by biopsy) may avoid surgery and receive concurrent chemotherapy-radiation therapy. Patients with a lesser response will require surgical resection of all the disease or the remaining disease, followed by postoperative chemotherapy-radiation therapy. Computed tomography or magnetic resonance imaging may not be accurate in assessing CR in patients presenting with T3 or T4 cancer. Imaging abnormalities may persist, even in patients with histologically negative biopsies or in those who underwent surgical resection.
Authors
In patients with recurrent and metastatic cancers, chemotherapy should be administered to maximal response, followed by an assessment of salvage local therapy of surgery and/or re-radiation concomitant with chemotherapy. At the end of the salvage local therapy, an additional three to six courses of chemotherapy should be considered to try to increase the incidence and the durability of this salvage measure. If a clinical CR or stable partial response is achieved, a positron emission tomography scan, along with the usual re-staging evaluation, may be considered, with a repeat of the study after three to six courses of the same chemotherapy. For patients with locally recurrent disease beyond local treatment of surgery and/or radiation therapy, biopsy of the disease is recommended after achieving a clinical CR. An additional three courses of the same chemotherapy is recommended with two negative biopsies before treatment is stopped.
Laryngeal Cancer
The conventional treatment of patients with locally advanced laryngeal cancers has consisted of surgery and/or radiation therapy. Many of these patients lose their larynx. In the early 1980s, we observed that patients who respond to cisplatin-based combination chemotherapy respond further with subsequent radiation therapy and, conversely, those who do not respond to initial chemotherapy, even after six courses, will not respond to radiation therapy. 2 This led us to offer chemotherapy first to patients with locally advanced laryngeal cancers. If a complete or partial response was achieved, they would then be given radiation therapy. The nonresponders would undergo surgery followed by radiation therapy.
At least two prospective, randomized phase III trials have been conducted, one in patients with cancers of the larynx 15 and the second in patients with cancers of the hypopharynx, 25 in which most of the patients previously had a laryngectomy. Both tested induction chemotherapy with cisplatin-5FU and selected the responding patients to receive either radiation therapy or the standard treatment of surgery followed by radiation therapy. The overall survival was the same between the two groups, and 50% to 60% of the surviving patients preserved their larynx on the investigational arm. These two studies demonstrated that laryngectomy (surgery) was equal to three courses of cisplatin-5FU chemotherapy, and surgery plus radiation therapy was equal to chemotherapy plus radiation therapy.
Following these results, the Intergroup Trial R91-11 conducted a study in patients with stage III-IV potentially resectable cancer of the larynx. 26 Patients were randomized to three arms: (1) chemotherapy followed by radiation therapy, (2) concurrent chemotherapyradiation therapy, and (3) standard once-daily radiation therapy alone. The trial selected only concomitant chemotherapy-radiation therapy as the experimental arm., and once-daily radiation therapy was used in the third arm rather than twice-daily (hyperfractionated) irradiation, which may produce higher local control rates (organ preservation) than once-daily fraction radiation therapy. Patients with T4 cancers were not included in the trial. Patients with N2 or N3 neck disease underwent neck dissection at the end of their treatment, regardless of their response to the initial treatment. No differences were reported in overall survival among the three groups, but patients who underwent concurrent chemotherapy-radiation therapy had significantly higher organ preservation rates. The laryngectomy-free survival improved with concurrent treatment vs radiation therapy alone (P=.02). Also, time to laryngectomy for concurrent treatment vs induction (P=.0094) and for concurrent treatment vs radiation therapy alone (P=.00035) was superior.
Some investigators gave one course of chemotherapy to select patients for larynx preservation. Since the response rate to one course of chemotherapy is less than 50%, this led to a higher percentage of patients on that arm losing their larynx, thereby defeating the primary goal of such a study. The usual response rate to three courses of chemotherapy is approximately 90%, leaving only 10% of these patients (the nonresponders) requiring surgery. Thus, the patients who were given just one course of chemotherapy and then concurrent chemotherapy-radiation therapy had an excellent survival, but more patients than expected lost their larynx.
Induction chemotherapy followed by concomitant chemotherapy-radiation therapy is the best nonsurgical treatment for laryngeal cancer we have used to date, and this approach has been confirmed by other investigators. 2, 4, 11 This total approach of chemotherapy-radiation therapy needs to be confirmed by prospective phase III trials vs concurrent chemotherapy plus radiation therapy.
Nasopharyngeal Cancer
The results of treatments for patients with nasopharyngeal cancer are considered separately from other head and neck cancer patients due to differences in sex, age, nodal presentation, histopathology, response to radiation therapy and chemotherapy, incidence of systemic metastases, and overall survival. Nasopharyngeal carcinomas are highly sensitive to radiation therapy (Table 5 ). Before 1980, radiotherapy was the treatment of choice for all stages of nasopharyngeal cancer. The results in patients with stages I and II disease are excellent, and radiation therapy has remained the initial therapy for these patients. 27, 28 However, the majority of the patients with this disease present with locally advanced disease, especially stage IV cancers. Despite the excellent initial tumor clearance with radiation therapy in patients with locally advanced disease (stage III and IV), locoregional recur- rence rates are high. Systemic involvement at presentation or later is common in these patients and may exceed 35%. These considerations limit survival, with estimated the 5-year survival rate using radiation therapy alone for patients with stage IV cancer being less than 30%.
27,28
Nasopharyngeal cancer is also sensitive to chemotherapy (Table 6) . 4, 27 Compared with single agents, combination chemotherapy produces higher response rates and a longer duration of response, and cisplatin-5FU is the most widely used combination. Because of the poor results obtained with radiation therapy alone in patients with locally advanced disease, induction cisplatin-5FU before radiation therapy has been tested. The overall response rate to cisplatin-5FU is approximately 90%, and about 50% achieved CRs, with improved 5-year survival.
27 Concurrent cisplatinradiation therapy,which has been investigated by us and later by other investigators, produced higher CR rates and better 5-year survival rates. 2, 27 Since the introduction of effective chemotherapy as part of the salvage treatment after relapse in these patients with nasopharyngeal cancer, the 5-year survival rate in patients with stage IV disease who received radiation therapy as their initial treatment has risen to the 40% range.
27
In phase II or III studies reported thus far with the use of limited chemotherapy with radiation therapy, induction only, concomitant only, or adjuvant only, the worldwide 5-year survival rate in patients with stage IV nasopharyngeal cancer has risen to approximately 50% to 55% (Table 5 ). This is pertinent to the randomized trials reported in this disease.
Nine prospective phase III randomized studies have compared radiation therapy alone to the same radiation therapy with chemotherapy (Table 7) . [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] One negative adjuvant chemotherapy trial used a noncisplatin combination and was carried on before the introduction of cisplatin-5FU in this disease. Of four induction chemotherapy trials, two used combinations without cisplatin-5FU, and the other two used cisplatin-5FU combinations. None of these four induction randomized studies reported a prolonged overall survival. The two cisplatin-5FU trials, however, reported a difference in overall survival rates of 7% and 12%. Some studies reported improved disease-free survival and/or freedom from local relapse. Several reasons may be cited to explain why these chemotherapy induction trials might not show improvement in overall survival. These include small patient numbers, inclusion of stage II patients, larger numbers of stage III patients, short dura- 
Concurrent/Adjuvant
Al-Sarraf et al 35, 36 P/PF 67% CT-RT <.001 DRS 74% 37% RT 46%
* according to the Ho staging system. A = doxorubicin B = bleomycin C = cyclophosphamide E = epirubicin F = 5-fluorouracil P = cisplatin L = leucovorin V = vincristine NS = not significant DFS = disease-free survival DRS = disease-related survival FLR = freedom local recurrence tions of follow-up, use of only two courses of chemotherapy, a high mortality rate (9%) in one study with non-PF chemotherapy, a low dosage of cisplatin and/or 5FU, and limited chemotherapy given (induction, concurrent, or adjuvant only). A recent phase III randomized study by Chan et al 39 comparing concurrent chemotherapy-radiation therapy to radiation therapy alone reported a 7% difference in progression-free survival, which was not statistically significant because of the small sample of patients included. However, in patients with T3 disease based on the Ho staging system, 40 the difference was 68% vs 46% (P=.0075) favoring the combined treatment group.
We reported on the use of "total" chemotherapyradiation therapy vs radiation therapy alone in patients with locally advanced nasopharyngeal cancer (90% stage IV). 35, 36 The experimental arm consisted of concurrent cisplatin given for three courses with radiation therapy followed by three courses of cisplatin-5FU. This study demonstrated a significant difference in 5-year actual overall survival rate (67% vs 37%, P<.001) and progression-free survival (P<.001) in favor of the combined approach. The disease-related 5-year overall survival rates were 76% and 46% (P<.001), respectively. Total chemotherapy-radiation therapy produced significant improvement in the incidence of local and regional control and in the incidence of systemic recurrence.
A meta-analysis comparing combined chemotherapy-radiation therapy vs radiation therapy alone in locally advanced nasopharyngeal cancer included patients from six randomized studies (1,528 patients) . 41 The addition of chemotherapy to radiation therapy increased disease-free/progression-free survival by 37% at 2 years, 40% at 3 years, and 34% at 4 years after treatment. Likewise, the overall survival increased by 20%, 19%, and 21%, respectively, with chemotherapy plus radiation therapy.
For the last 10 years in our practice, we have reversed the sequence of chemotherapy and have prescribed three courses of cisplatin-5FU induction followed by concurrent chemotherapy-radiation therapy, with cisplatin for three courses. In this unpublished trial, the 5-year actual overall survival was approximately 90%. Recent reports from other centers indicated approximately the same incidence of overall survival using the same sequence of total chemotherapyradiation therapy. 42 Table 8 shows the change in actual 5-year survival of stage IV patients with nasopharyngeal cancer over the last 20 years.
Targeted Therapy
Novel biologic agents have been developed to target multiple specific regions of the cancer cells. Protein tyrosine kinases are major components of cell signaling pathways. The various subfamilies of these kinases include receptors for epidermal growth factor receptors (EGFR), platelet-derived growth factor, vascular Anti-EGFR antibodies target the extracellular domain. Small molecules, such as the tyrosine kinase inhibitors, target the intracellular tyrosine kinase signaling pathways and thus inhibit the EGFR pathways. EGFR expression was found to correlate with locoregional control and overall survival but not with the incidence of distant failure in patients with head and neck cancers. Table 9 summarizes recent reported results with these agents given alone or with platinum drugs. [43] [44] [45] [46] [47] [48] [49] Most of these patients were previously treated with first-line chemotherapy and even some with second-line chemotherapy for recurrent disease. These agents are not miracle drugs in patients with head and neck cancers. Used alone, response rates are approximately 10%; with single-agent chemotherapy, the response rates are about 20%. Some investigators have tried to inflate the rate of response rate by adding the group of patients with stable disease, and others have tried to correlate the response to the incidence and degrees of skin toxicities. Neither approach is correct or acceptable.
The ECOG study comparing single-dose cisplatin to cisplatin plus C225 (cetuximab) in patients with previously untreated recurrent or metastatic cancers reported an incidence rate of approximately 35% to 40% stable disease in both arms. 47 This randomized trial had design flaws. Neither ECOG nor other groups or centers give single-agent cisplatin as first-line treatment for these patients. Although the dose of cisplatin was adequate (100 mg/m 2 ), neither ECOG nor other groups give this drug every 4 weeks in other situations. Giving cisplatin with C225 every 4 weeks may be acceptable because of the possibility of combination-induced toxicities.
Anti-EGFR antibodies were also found to exhibit radiosensitization properties in cell cultures and in animal systems experiments when given with radiation therapy. In a phase I study reported by Robert et al, 50 C225 and radiation therapy were given to 16 patients with locally advanced cancers (13 patients with stage IV). They reported a total clinical response rate of 100% and a CR rate of 87% (13 of 16 patients). A phase III randomized trial comparing radiation therapy alone vs radiation therapy plus C225 in patients with locally advanced cancers recently finished accrual. As noted above, the standard treatment for these patients at the time of this study was concurrent chemotherapy-radiation therapy, and remains so today. Again, the results of this randomized trial may be meaningless because of the flawed trial design that used radiation therapy alone as the standard arm. Excellent reviews on targeted therapy in patients with head and neck cancers have been recently published. 51, 52 Properly designed protocols that combine these agents with chemotherapy, radiation therapy, and chemotherapy-radiation therapy should provide an additional positive impact on the results of treatment of this disease.
Conclusions
Considerable progress has been made in the treatment results of patients with locally advanced head and neck cancers. This has resulted in a decrease in distant involvement and improvements in local control, quality of life (with organ preservation), disease-free survival, and overall survival. These endpoints have been demonstrated not only in carefully designed phase III trials and meta-analyses, but also -and more significantly -in the changes in the natural history of this disease as shown on the national level, especially in patients with advanced nasopharyngeal cancer. The use of "total" chemotherapy-radiation therapy treatment, the appropriate application of the newer chemotherapy active agents, and the inclusion of the biological and the specific targeted compounds as part of therapy in these patients should provide further improvement in treatment outcomes.
